STIC-ILL 



From: 

Sent: 

To: 

Subject: 



Hunt, Jennifer 

Sunday, November 04, 2001 12 29 PM 
STIC-ILL 

References for 09/218,481 



Please send me the following references ASAP: 

JOURNAL OF CEREBRAL BLOOD FLOW AND METABOLISM, (1998 Aug) 18 (8) 887-95 
Adv. Exp. Med. Biol. (1998), 454(Oxygen Transport to Tissue XX), 311-317 
BRAIN RESEARCH. MOLECULAR BRAIN RESEARCH, (1998 Sep 18) 60 (1) 89-97 
JOURNAL OF APPLIED PHYSIOLOGY, (1998 Jul) 85 (1) 53-7 



NEUROSURGERY, (JUN 1997) Vol. 40, No. 6, pp. 1269-1277 
NEUROSURGERY, (1997 May) 40 (5) 1016-26 

JOURNAL OF CLINICAL INVESTIGATION, (1996 Sep 15) 98 (6) 1400-8 
JOURNAL OF NEUROSURGERY, (1996 Dec) 85 (6) 1095-101 
Proc Annu Meet Am Assoc Cancer Res, (1996). Vol. 37, pp. A399 
Oncology Reports, (1995) 2/6 (1147-1149) 
NEUROSURGERY, (1994 Sep) 35 (3) 439-48 

YALE JOURNAL OF BIOLOGY AND MEDICINE, (1993 Jul-Aug) 66 (4) 277-314 
MOLECULAR BIOLOGY OF THE CELL, (1993 Jan) 4 (1) 121-33 
Endothelial Cell DysfuncL (1992), 477-503 
J CELL BIOL. (1990) 111 (5 PART 2), 227A. 

Thanks, 
Jennifer Hunt 

Patent Examiner, Art Unit 1642 
CM1-8D06 (mailbox 8E12) 
(703)308-7548 




1 



2039 



Rapid Induction of Vascular Endothelial Growth 
Factor Gene Expression After Transient Middle 
Cerebral Artery Occlusion in Rats 

T. Hayashi, MD; K. Abe, MD, PhD; H. Suzuki, PhD; Y. Itoyama, MD, PhD 



Background and Purpose Vascular endothelia) growth fac- 
tor (VEOF) is a mitogen for endothelial cells and also has the 
potential to increase vascular pemieahility. Therefore, it may 
contribute to the recover) of brain cells from ischemic iniiult 
through poleiUiaiing neovasculari/alioii or may exacerbate 
brain damage by forming brain edema. However, the exact role 
of this protein in cerebral ischemia is not fully understood. We 
investigated temporal, spatial, and cellular profiles of the 
induction of VEGF gene expression after transient focal cere- 
bral ischemia at both mRNA and protein levels. 

Methods We used a transient middle cerebral artery 
(MCA) occlusion model. Northern blot analysis was performed 
to assess the chronological pattern of induction and the impact 
of length of ischemia on mRNA expression. Western blot 
analysis was performed to ensure the selective detection of 
immunoreaciive VEGF with an antibody. Temporal, spatial, 
and cellular changes of imniunohistochemical VEGF expres- 
sion were compared with different periods of rcperfusion from 
1 hour to 7 days after transient MCA occlusion. 

Resuiti (1) Northern blot analysis revealed no detectable 
VEGF mRNA in the control brains. The mRNA became 
evident at 1 hour after rcperfusion, peaked at 3 hours, and then 

Vascular endothelial growth factor, also known as 
vascular permeability factor, is a dimeric gly- 
coprotein that is mitogenic for endothelial cefls 
and has the potential to increase vascular permeability. 
By alternative splicing, four different isoforms exist \n 
vivo: VEGF,,,., VEGF,,,,, VEGF,,,, and VEGF,:,.'-^ The 
polypeptides of VEGF:,,, and VEGF,«, bind well to 
hcparin-containing proteoglycans of the extracellular 
matrix. However, VEGF,,^ and VEGF,., do not bind to 
proteoglycans and thus act as diffusible factors. Al- 
though VEGF is normally expressed in ependyma,^ 
choroid plexus, and granule cells in cerebellum,' the role 
in normal brain is not well characterized. 

It is well known that ischemic stroke causes active 
angiogenesis, particularly in the ischemic penumbra, 
which correlates with longer survival in humans/' There- 
fore, it is speculated that VEGF plays an important role 
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decreased. The length of ischemia from 1 to 3 hours made no 
ditferences in the degree and temporal profile of the subse- 
quent induction of VEGF mRNA. (2) Western blot analysis 
showed no band in the control brain, but two bands with 
molecular weights of 38 and 45 kD, corresponding to VEGF^, 
and VEGF|,„ were induced at 1 hour of rcperfusion, peaked at 
3 hours of rcperfusion, and then decayed. (3) Neurons in the 
cerebral cortex of the MCA territory expressed VEGF at 1 
hour after rcperfusion with a peak at 3 hours and then 
diminished by 1 day. Rial cells of tiie MCA territory also 
expressed immunoreactive VEGF from 1 hour of rcperfusion 
that was sustained until 3 to 7 days after rcperfusion. 

Conclusions Rapid induction of VEGF gene expression 
after transient MCA occlusion was demonstrated at both 
niKNA and protein levels. Cortical neurons and pial cells were 
the source of VEGF production in this modeh but the temporal 
profiles of the induction between these cells were ditJerent. The 
early but di.ssociative induction of VEGF between neuronal 
and pial cells suggests different roles of the protein in their cells 
dfier iransienl MCA occlusion. (Stroke. 1997;28:2039-2044.) 

Key Words • angiogenesis • cerebral ischemia • rats 



See Editorial Comment, page 2044 

in the recovery of cerebral infarct. On the other hand, 
VEGF increases vascular permeability and is involved in 
the development of brain edema in patients with brain 
tumor.7 Thus, VEGF might also be harmful in cases of 
ischemic stroke by potentiating brain edema. Further- 
more, VEGF has additional important roles in relaxing 
vascular smooth muscle cclls,*^'* preventing apoptosis of 
endothelial cells,"' and inducing chemotaxis of mono- 
cytes under pathological conditions.^ When one consid- 
ers these possible ambivalent effects of VEGF under 
pathological brain conditions such as cerebral ischemia, 
it is important to clarify hov^ the VEGF gene is ex- 
pressed in cerebral ischemia. 

Previous studies revealed that hypoxia induces pro- 
duction of VHGF in cultured glial" and endothelial'-'-^ 
cells. A recent study of permanent MCA occlusion in 
rats showed a late increase of VEGF protein in neurons, 
astrocytes, and macrophages with a peak at 1 day in the 
ischemic core and at 7 days in the penumbra.'^ However, 
the effect of rcperfusion on gene expression has not been 
reported. Unlike the case of permanent MCA occlusion, 
mild transient ischemia causes brain edema without 
development of cerebral necrosis, i-'* Thus, there may be 
a difference in the temporal profiles and the roles of 
VEGF between repcrfused and permanent ischemic 
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Selected Abbreviations and Acronyms 
CBF - cerebral blood How 
MCA = middle cerebral artery 
PBS = phosphatc-bufi'ercd saline 
SDS = sodium dodecjl suU'ace 
SSC = slHndard snline citrate 
VEGF = vascular endothelial growth factor 



brains. Wc examined the induction of the VEGF gene at 
both mRNA and protein levels after mild transient 
MCA occlusion in rats. A rapid and dissociative induc- 
tion of VEGF between neuronal and pial cells of the 
MCA territory was found after transient ischemia. 

Materials and Methods 
Anima] Model 

*]'his experiment was approved by the Animal CommiUee of 
Tohoku University School of Medicine. 

Sixty-seven male Wistar rats weighing 250 to 280 g were 
used. The rats were lightly anestheti/.ed by inhalation of a 
69% 130% (vol /vol) mixture of nitrous oxide/oxygen and 1% 
halothane during surgical preparation. A midline neck incision 
was made, and the right common carotid artery was exposed; 
inhalation of anesthetics was then stopped. When the animal 
began to regain consciousness, the right MCA was occluded by 
insertion of nylon thread through the common carotid artery, 
as described in our previous report. 'f* During these procedures, 
body temperature was monitored with a rectal probe and 
maintained at 37i:0.3''C with the use of a heating pad. The 
restoration of CBF was accomplished by recnoval of the nylon 
thread under light anesthesia with diethyl ether. Between MCA 
occlusion and CBF restoration and after CBF restoration, the 
surgical incision was closed, and the animals were allowed free 
access to water and food at ambient temperature (2rC to 
23='C). 

The animals were divided into three experimental groups: 
group A, for investigation of mRNA induction (n=47); group 
B, for Western blot study (n-8); and group C, for immunohis- 
tochemical analysis (n=12). 

Group A 

To investigate how the length of ischemia influences the 
degree and duration of mRNA induction for VEGF. 1, 2, or 3 
hours of ischemia was imposed on each animal. The animals 
were decapitated under deep anesthesia with diethyl ether 1 or 
3 hours or 1, 3, or 7 days after the restoration of CBF (n=3 in 
each time point for each ischemic duration). Brain samples 
from two sham control rats were obtained; these rats under- 
went a surgical procedure until the carotid arter>' was exposed, 
but the MCA was not occluded. Cerebral cortical samples of 
the right MCA territory were quickly obtained and were 
immediately frozen in powdered dry ice. They were temporarily 
kept at -70°C until the extraction of RNA. 

Group B 

The duration of ischemia was 90 minutes for these animals. 
After I or 3 hours or 1 day of reperfusion, cerebral cortical 
samples of the MCA territory were obtained (n = 2) and kept as 
noted above for group A. Sham controls samples {n = 2) were 
also obtained. 

Group C 

For immunohistochemical analysis, the animals were deeply 
anesthetized with pentobarbital {5U mg/kg IP), Both deep 
cervical veins were cut at 1 or 3 hours or 1, 3, or 7 days of 
reperfusion after 90 minutes of transient ischemia (n = 2). The 
brain was perfused with heparinized physiological saline 



through the left cardiac ventricle at 1 10 mm llg pressure until 
colorless perfusion fluid was obtained from the ccrv-ical veins, 
followed by an additional 200 mL of cold 4% paraformalde- 
hyde in PBS. The brain was rcmt)ved and stored in the same 
fixative at 4°C for 48 hours and embedded in paraffin. Sham 
control animals {n = 2) underv\*ent the same procedure except 
for MCA occlusion and reperfusion. 

Northern Blot Analysis 

Total RNAs were extracted from the cerebral cortical sam- 
ples of Group A animals by the guanidinium thiocyaiiate 
method. Northern transfer and hybridization were essentially 
the same as described in our previous report.'* In brief, 20 ^g 
of total RNA was electrophoresed in a 1.2% agarose gel 
cotitaining 10% formaldehyde and transferred overnight onto a 
nylon membrane (Ilybond N, Amersham). RNA was fixed with 
1200 fj.i ultraviolet (Stratalinkcr. Stratagene), and then prehy- 
bridized. Signals for VEGF mRNA were detected with an 
enhanced chcmiluminescence method (direct nucleic acid la- 
beling and detection systems, Amersham) according to our 
previous report.'" A cDNA clone of rat VEGF, a gift from Dr 
E. Hashimoto {Fourth Department of Internal Medicine, 
School of Medicine, University of Tokyo), was used as a probe. 
The specificity of this cDNA had been established elsewhere.'"^ 
Then 0.6 kb of the insert was released, and the insert DNA was 
labeled with horseradish peroxidase and hybridized at 42^C for 
20 hours in a hybridization solution nf the kit. After hybridiza- 
tion, the membrane was washed with 2xSSC (Ix is 
150 mmol/L NaCl, 15 mmol/L trisodium citrate, pll 7.0), 0.4% 
SDS twice, 1 XSSC with 0.2% SDS once, and 20XSSC without 
SDS twice. Detection reagents in the kit were added to the 
blots on the face carrying the RNA. The membrane was 
exposed lo an x-ray film for 30 minutes at room temperature 
and later developed. Hybridization experiment was repeated 
with the use of a tubulin DNA probe. 

Western Blot Analysis 

The ti.ssue samples were homogenized in a lysis buffer (0. 1 
mui/L NaCl, 0.01 mol;L Tris-HCi, pH 1.5. \ mmol/L EDTA. 
and I |LLg/niL aprotinin). Then the homogenatcs were centri- 
fuged at 7000^ for 15 minutes at 4''C, and the supernatents were 
used as protein samples. A.ssays to determine the protein 
concentration of the supernatants were subsetjuenlly per- 
formed by comparison with a known concentration of bovine 
serum albumin with a kit (Micro BCA, Pierce), SDS-gel 
electrophoresis was performed in a 10% polyacrylamide gel 
under nonreducing conditions. Lysates equivalent to 40 jLtg of 
protein from each samples were run on the gel for 90 minutes 
at 20 mA. together with a size marker (rainbow colored 
protein, Amersham). The electrophoresis running buffer con- 
tained 25 mmoI/L Tris base. 250 mmol/L glycine, and 0.1% 
SDS. The proteins on the gel were subsequently transferred to 
the polyvinylidcnc fluoride transfer membrane (Micron Sepa- 
rations Inc) in a buffer containing 20% methanol, 39 mmol/L 
glycine, 48 mmol/L Tris base, and 0.4% SDS. 

After the tran.sfer, the membrane was placed in 1% pow- 
dered milk in Tweeii PBS (PBS with 0. 1 % Tween 20) at 4=C for 
16 hours to block nonspecific binding. Then it was washed with 
Tween PBS three times and incubated with mou.se monoclonal 
antibody for VEGF (2E1, IBL) at 1:20 dilution in Tween PBS 
at 4X for 20 hours. After it was washed with Tween PBS three 
times, the membrane was incubated with biotinylatcd anti- 
mouse tgG (Vcctastain, FK-6102, Vector Laboratories) at 
1:200 dilution in Tween PBS for 90 minutes at room tcmper- 
alure. It was washed with PBS for three limes and incubated 
with biotin-avidin-peroxidase complex solution with the u.se of 
a kit (PK-6102, Vector Laboratories) for 60 minutes. The 
membrane was then developed with 3,3'-diaminobenzidine 
tetrahydrochloride (0.5 mg/mL in 50 mmol/L Tris-HCI, pH 
7.5) in I he presence of 0.027r HiOj. The membrane was then 
washed in di.stilled water and air dried. To ascertain specific 
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Fig 1. Northern blots demonstrate time course of VEGF and 
tubulin mRNA levels. In the control lane, no band for VEGF 
mRNA is detectable (top), with subsequent induction from 1 hour 
of reperfusion after 2 hours of transient MCA occlusion. The 
induction became maximal at 3 hours and returned to the control 
level by 1 day of reperfusion (arrowhead). The levels of tubulin 
mRNA (arrowhead) do not show significant change (bottom). 



4&- 




30- 



Fig 2. Western blots demonstrate induction of two isoforms of 
VEGF protein. Immunoreactive VEGF was scarce in the control 
brain. With reperfusion after 90 minutes of transient ischemia, 
two bands of molecular weight at 38 and 45 kD (arrowheads) 
became evident at 1 hour with a peak at 3 hours and decreased 
by 1 day. The smaller and larger bands correspond to VEGF,^, 
and VEGF135. respectively. 



binding of ihc aniibotJy r'(.)r the prott^in, an()ihcr filler was 
stained in a similar way without ihe first antibody. 

Immunohistochemical Analysis 

Cnronnl scclinns at ihc cHudale level were cut with 1 
thickness from the paraftinizcd samples of group C animals and 
mounted on standard glass slides. Depnraliinization was 
achieved by treating the specimens in xyleae and subsequent 
ethanoL followed by a rinse in PBS. After they were blocked 
with \{Y/f normal horse serum for 2 hours, the slides were 
washed in PBS and incubated with a mouse monoclonal 
antibody against VEGF at 1:50 dilution in lt)% normal horse 
serum and 0.3^^: Triton X-lOO for 16 hours at 4''C. Endogenous 
peroxidase activity was quenched by exposing the slides to 039^ 
H.Oj and KK/r methanol for 20 minutes. The slides were then 
washed and incubated for 3 hours with biotinylatcd anti-mouse 
IgG at 1:200 dilution in PBS containing 0.018% normal horse 
serum. Subsequently they were incubated with avidin-biotin- 
horseradish peroxida.se complex for 30 minutes and then 
deveJoped with the use of diaminobcnzidinc as a color sub- 
strate. 'I'he reaction was stopped by washing the slides in 
distilled water. To ascertain specific binding of the antibody for 
the protein, a set of brain sections was stained in a similar way 
without the first antibody. The staining was categorized into 
four grades, as follows: no staining (-). slight staining (r), 
moderate staining ( + ), or dense staining (2 + ). 

Results 
Northern Blot Analysis 

As .shown in Fig 1 (top panel), there was no band in 
the control brain for VE(3F mRNA. After 2 hours of 
transient MCA occlusion, an increase of VEGF mRNA 
level became evident at 1 hour after the CBF was 
restored, peaked at 3 hours, and decreased to baseline 
level by 1 day of reperfusion. No bands were detectable 
at 3 and 7 days after reperfusion (not shown). Variation 
of length of ischemia from i to 3 hours made no 
difference in the degree of mRNA induction (not 
shown). The temporal profile of mRNA induction was 
also the same regardless of the length of ischemia (not 
shown). The size of VEGF mRNA delected in this study 
was 3.9 kb, which is compatible with a previous report.'" 
On the other hand, the levels of tubulin mRNA did not 
change (Fig 1, bottom panel). Triplicate samples in each 
time point for each duration of ischemia showed repro- 
ducible results. 



Western Blot Analysis 

Since the length of ischemia showed no essential 
difference in the degree and temporal changes of VEGF 
gene expression, the following studies were performed 
with constant duration of ischemia for 90 minutes. As 
shown in Fig 2, irnniunoreactive VEGF was barely 
detectable in the control brain, but brain lysate at 1 hour 
of reperfusion revealed two bands. These bands became 
more distinct in the lysate at 3 hours of reperfusion and 
decreased at i day. The two bands correspond to 38 and 
45 kD, the former more strongly detected. These bands 
correspond to VEGF,., and VEGF,(,s, respectively. A 
blot without the first antibody did not show any bands. 
Duplicated samples in each time point showed repro- 
ducible results. 

Immunohistochemical Analysis 

Brain sections without the first antibody showed no 
staining. With the antibody. immunoreacLiviiy of VEGF 
was normally present in the ependyjnal cells (data not 
shown), while there was no detectable immunoreactive 
VEGF in neurons, glial cells, vascular endothelial cells, 
or pial cells in control brains (Fig 3a). 

Our preliminary studies revealed that cerebral tissue 
necrosis occurred after 2 or 3 hours of ischemia, but no 
discernible tissue necrosis occurred under 90 minutes or 
I hour of transient ischemia. These results were essen- 
tially the same as those In our recenl report.'** 

At 1 hour of reperfusion after transient MCA occlu- 
.sion, immunoreactive VEGF became delected in the 
cytoplasm of a part of neurons in the cerebral cortex of 
the MCA territor>' (Fig 3b, arrowheads). Pyramidal 
neurons in the third to fifth layers of the cerebral 
cortices were selectively stained. There was no expres- 
sion in neurons of caudate luicleus even within the MCA 
territory. At 3 hours after reperfusion, the expression of 
VEGF in neurons of the MCA area became more 
intense (Fig 3c). The staining then greatly decreased at 1 
day of reperfusion, with very slight staining in only a few 
neurons (Fig 3d, arrowhead). No more immunoreactive 
VEGF was found in neurons at ,3 and 7 days after 
reperfusion. No immunoreactive VEGF in vascular en- 
dothelial or glial cells was documented at any stage of 
reperfusion. 
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Fig 3. Representative photographs of immunohistochemistry 
for VEGF. Panels a through d show changes of immunoreactive 
VEGF in cerebral cortical neurons, and panels e through h show 
changes in pla mater. In contrast to control (a), note weak 
staining in a few neurons at 1 hour of repertusion (b, arrow- 
heads), with increasing staining at 3 hours in many neurons (c). 
Most neurons show negative staining, except for a very few 
neurons at 1 day (d, arrowhead). In addition, note no staining in 
the pia mater of control brain {e. arrowhead) with evident staining 
at 3 hours (f, arrowhead) lasting 3 days (g. arrowhead). Pia mater 
in left lower side of black arrowhead in panel h shows MCA 
territory, and that in right upper side shows the anterior carotid 
artery ten-itory. Note selective staining of pia mater in the MCA 
territory and staining of neurons in the marginal zone (h, white 
arrowheads). Bar=100 in panels a, b, d, e, f, and g; 
bar==50 ^x.m in panel c: bar =400 in panel h. 

Pia! cells of the MCA area showed no immunoreactive 
VEGF in control brains (Fig 3c, arrowhead). However, 
pial cells became stained from 1 hour after rcperfusion, 
with a peak at 3 hours (Fig 3f). Unlike the temporal 
changes in cortical neurons, immunoreactivity in pial 
cells was sustained until 3 to 7 days after reperfusion 
(Fig 3g, arrowhead). The expression of immunoreactive 
VEGF was restricted in the MCA territory (Fig 3h, left 
lower side from black arrowhead), in contrast to the pia 
mater in the ipsilateral anterior cerebral artery area 
showing a negative immunoreactivity for VEGF (Fig 3h, 
right upper side from black arrowhead). Sections at 1 
hour of reperfusion showed staining in neurons of the 
cerebral cortex in MCA territory and its marginal zone 
(Fig 3h, white arrowheads). The temporal profiles and 
the staining properties of VEGF expression for each cell 
type of each animal are reproducible and are summa- 
rized in the Tabic, illustrating the difference in chrono- 



Temporal Profiles of Immunoreactive VEGF Expression 
in Neuron and Pla Mater of the MCA Region After 
Transient Ischemia 
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The symbols i, 4. and 2- represent no, slight, moderate, and 
dense immunoreactivity for VEGF, respectively, in each animal. 



logical sequence between neurons and pia mater. 
Discussion 

Northern blot analysis revealed a rapid induction of 
VEGF mRNA as early as 1 hour after reperfusion. In 
addition, the decrease of the VEGF mRNA level was 
also rapid, and VEGF niRNA was no longer detectable 
at 1 day after reperfusion (Fig 1). However, previous 
reports showed late onset and sustained expression of 
VEGF in the following. In vivo, the induction was slower 
in pigmented epithelium of mouse retina under hypoxic 
conditions. -^^ Furthermore, in a permanent MCA occlu- 
sion model in rats, the induction of VEGF protein 
became evident only after 18 hours of ischemia and 
lasted 14 days.'^ In vitro study of cardiac myocyte-' and 
human Miiller cells-- also showed a slower inductioa of 
VEGF in hypoxia. Although the reason for this chrono- 
logical difference between the present result and the 
previous reports is yet to be resolved, Banai et aP-^ 
proposed the possibility that ischemia (ie, reduction of 
oxygen and glucose levels) might not be a prerequisite 
for VEGF induction- Reoxygenation of damaged tissue 
with reperfusion may be more important for the rapid 
expression of the VEGF gene. In fact, in an experiment 
with rat perfused heart, VEGF mRNA became evident 
as early as 15 minutes after reperfusion following 10 
minutes of ischemia.'** The same experiment also 
showed that longer duration of ischemia did not increase 
the degree of VEGF mRNA induction.'^ This seems to 
be compatible with our findings that duration of ische- 
mia varying from I to 3 hours made no difference in the 
degree of induction and exhibited the ame temporal 
profiles. 

By immunohistochemical analysis, neurons in the 
cerebral cortex and pial cells expressed immunoreactive 
VEGF after ischemic insult (Fig 3). Although previous 
studies demonstrated that VFGF gene was induced in 
glial cells, glia-derived tumor cells, -^ -^ cerebral endo- 
thelial cells, and pericytes-'' under hypoxic conditions 
in vitro and in glial cells in permanent MCA occlusion in 
vivo,'-* glial cells and vascular endothelial cells did not 
express the VEGF gene in this experiment. Sensitivity 
for inducing the VEGF gene in neuronal, glial, and pial 
cells may be different under conditions of hypoxia/ische- 
mia or ischemia/rcperfusion. It is intriguing that neurons 
in the third to fifth layers of cerebral cortex selectively 
expressed immunoreactive VEGF (Fig 3a through 3d). 
These neurons are known to be selectively vulnerable to 
ischemic insults.-" However, caudate neurons also vul- 
nerable to ischemia-'* did not express the gene in the 
present study. The reason for this dissociatioji is yet to 
be clarified. This is the first report of VEGF gene 
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expression in pial cells. VEGF is a mitogen for endothe- 
lial cells-"* and also has the potential to increase vascular 
permeability.^**'^' Neovascularization usually occurs in 
brain infarct/* and the proliferation of endothelial cells 
begins at 2 to 5 days after the ischemic insult and 
continues for months.''-^^ Therefore, the sustained ex- 
pression of the VEGF gene in the pia mater after 
ischemia (Fig 3e through 3h) suggests its role in new 
vessel formation in the att'ected area. On the other hand, 
the rapid and transient induction of VEGF in neurons 
(Fig 3a through 3d) seems to be related (o other 
functions, since transient induction of growth factor is 
usually insufficient for new vessel formation. ^^■^■^ One 
possibilit)' is the protection of the vascular system 
against ischemic insult, because VEGF protects capillary 
endothelial cells from apoptotic cell death."* VEGF also 
relaxes vascular smooth muscle cell'*'^ and therefore 
might contribute to the protection of brain tissue from 
ischemia. 

In this experiment constitutive expression of VEGF in 
ependymal cells did not affect the control level of 
mRNA (Fig 1) because tissue samples were obtained 
from the cerebral cortex of the MCA territor)' and did 
not contain the above cells. On the other hand, it seems 
contradictory that the pia mater expressed VEGF pro- 
tein until 3 to 7 days of reperfusion (Fig 3g) without an 
evident signal of mRNA in Northern blot (Fig 1). This 
may be due to differences in sensitivity for detecting 
mRNA and protein. The bulk of pia mater might be too 
small to detect VEGF mRNA in Northern blot. 

The effect of VEGF on increases in vascular perme- 
ability might worsen brain edema caused by cerebral 
ischemia. However, brain edema associated with mild 
cerebral ischemia is not mainly induced by an increase in 
vascular permeability (vasogenic edema) bul rather 
is due to cellular damage (cytotoxic edema).-"^^ Although 
expression of VEGF and its ability to increase vascular 
permeability were inhibited by dexamethasone,^" dexa- 
methasone was not effective in reducing ischemic brain 
edema.^' Furthermore, the peak of brain edema in this 
model was 12 hours to I day,'^ while the induction of 
VEGF gene was much more earlier at 1 to 3 hours (Figs 
1 and 2). Thus, the early induction and disappearance of 
VEGF gene in neurons may not be directly involved in 
the brain edema formation in the present model. 

Western blot analysis showed induction of two iso- 
forms, VEGFifts and VEGFc^i, in rat brain after ischemia 
(Fig 2). Since this antibody was raised against full-length 
VEGF protein, the possibility that it does not detect 
VEGF2,v, and VEGFix** even if these isoforms were 
present cannot be excluded. However, a previous study 
suggested that VEGF:,>(. and VEGFi„v were relatively 
rare in rat brain. Furthermore, in a permanent MCA 
occlusion model in rats, only VEGF,„.s and VEGF,-., 
were induced in the brain.'* It is therefore likely that 
only two isoforms, VEGF,h5 and VEGF,:j, were induced 
in the brain in this experiment. It has been reported that 
VEGFi^v, and VEGF^s.;, which bind to proteoglycans, 
lack mitogcnic activity for vascular endothelial cells.-*^ It 
is therefore probable' that VEGFk,. and VEGFj,, play 
more important roles in ischemic brains as diffusible 
isoforms of VEGF. 

In animal models of hindlimb ischemia-^'^'*'^ and myo- 
cardial infarction,-'^ injection of VEGF was demon- 
.strated to he therapeutically useful by potentiating an- 



giogcnesis and enhancing collateral blood flow. It has 
been reported that replication-deficient adenovirus as a 
vector of VEGF gene infected vascular endothelial cells 
and induced expression of VEGF.'*' An injection of 
VEGF or gene therapy with VEGF might also be 
effective for reducing brain damage due to ischemic 
insults. In the present study, rapid expression with 
dissociative decrease of VEGF induction in different cell 
types was shown in MCA areas after transient ischemia. 
The different temporal profiles might be related to 
different roles in cerebral ischemia. Therefore, it is 
important to clarify the influence of VEGF on cerebral 
circulation, brain edema, and cerebral neovasculariza- 
tion under ischemic and/or reperfused conditions. 
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Editorial Comment 



Vascular endothelial growth factor (VEGF), a mem- 
ber of the platelet-derived growth factor (PDGF) super- 
family, is one of several identified angiogenic growth 
factors. VEGF is an endothelial mitogen, and induces 
new capillary formation (angiogenesis) in vivo. VEGF 
also increases vascular permeability. 

Previous reports have shown upregulation of VEGF 
following focal brain infarction.' What's new in the 
current report is the description of two phases of VEGF 
expression following reversible ischemia: a brief initial 
phase (1 to 24 hours) occurring in neurons, and a longer 
persistent phase (1 hour to 7 days) occurring in pial cells. 

The significance of these two phases of VEGF expres- 
sion is unclear. It is possible, for example, that the first 
phase might contribute to increased vascular permeabil- 



ity and resultant edema formation, whereas the second 
phase might contribute to the angiogenesis that occurs 
during the first few days after stroke. Further work will 
be required to address these issues. 

Seth P. FinkJestein, MD, Guest Editor 
CNS Growth Factor Research Laboratory 
Depaivne/u of Neurology 
Ma.s.sachusetts General Hospital 
Boston, Mass 
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